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THOUGH  P/iSSAOES 

Data  covering  the  period  from  January  1938,  to  September 
1941,  wo 8  used  in  making  a  s-tudy  of  trough  passages  in  South 
America.   Hesults  of  trough  passages  were  shown  for  each  season 
of  the  year   and  also  for  the  whole  year.   The  plaoes  observed  for 
trough  passages  were:   Santiago,  Chile;  Buenes  Aires,  Argentina; 
Magallanes,  Argentina;  Plorinapolis,  Brazil;  65^  longitude,  45° 
latitude;  and  75^  longitude,  50°  latitude. 

In  using  the  data,  the  data  of  eaoh  trough  passage  across 
each  station  was  tabulated.   The  period  was  found  by  taking  the 
number  of  days  between  each  trough  passage, 

A  pronounced  three  day  period  was  found  in  the  southern 
part  of  South  America.   The  farther  north  the  station,  the  less 
pronounced  the  three  day  period.   The  period  was  less  pronoun- 
ced nearer  the  equator  because  there  the  stations  were  out  of 
the  effect  of  the  westerlies.   The  three  aay  period  was  less 
pronounced  on  the  east  coast  since  the  trough  died  out  as  it 
passed  across  the  country.   In  some  oases  the  trough  was  strong 
enough  to  pass  across  the  continent.   At  65°  longitude,  45° 
latitude  the  peak  was  somewhat  smaller  than  at  75°  longitude, 
50°  latitude,  though  still  definite  at  3  days  even  after  passing 
over  the  range  of  12.000  feet  mountains. 

CJharts  were  drawn  for  the  percentage  of  total  trough  pass- 
ages occurring  in  three  and  six  day  periods  for  the  four  seasons, 
also  for  the  total  number  of  passages.   The  highest  percentage 
of  the  three  day  periods  was  again  in  the  southern  tip. 
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HUClrlTATION- 

This  stuuy  hea  for  its  primary  purpose  the  determination 
of  the  interval  between  storm  periods  in  Argentina.   By  ohoosing 
seven  stations  to  give  the  best  ooverage  of  the  country  the  data 
was  gathered  for  three  years  and  nine  months  starting  with  Jan- 
uary 1,  1936 • 

The  method  used  to  gather  the  data  was  to  tabulate  all 
storms  no  matter  the  amount  of  precipitation.   The  periods  were 
tabulated  between  the  maximum  precipitation  of  each  storm  no 
matter  the  length  of  the  storm  period. 

The  study  was  made  for  the  four  seasons:   winter,  summer, 
spring,  and  fall,  and  the  total  of  the  three  years  and  nine 
months.   Oraphs  were  drawn  for  each  of  the  seven  stations  for 

the  four  seasons  and  totals  using  the  total  number  of  oases 
against  the  period  in  days  betv/een  the  maximum  precipitation. 

Results  of  the  period  between  maximum  precipitation  which 
shows  a  maximum  at  three  days  led  to  a  second  study.   This  was 
to  determine  the  percentage  of  the  periods  of  maximum  precipitat- 
ion that  occurred  in  intervals  of  three  and  six  days.   A  second 
set  of  graphs  were  drawn  showing  the  results. 

The  graphs  show  a  definite  peak  at  the  period,  of  three  days 
between  maximum  precipitation.   The  percentages  in  the  case  of 
the  three  day  periods  were  higher  than  the  six  aay  perioas.   The 
greater  number  of  oases  occurred  at  Ushuaia,  which  is  at  the 
southern  most  part  of  South  America.   There  is  no  orographic 
influence  at  this  station  as  there  is  in  the  station  to  the  north. 

Further  study  could  be  made  following  the  work  of  Robert 
Elloitt  in  which  heiuses  only  storms  in  which  ten  percent  of  the 
monthly  precipitation  fell.   This  may  show  a  larger  interval 
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between  appreoiable  storm  periods. 
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LPPSR  AIK  STHEAHILINE  PATTERNS 

In  the  study  of  the  general  features  of  South  Amerioan  wea- 
ther, it  was  believed  best  to  select  extreme  months  for  bhe  re- 
uording  of  the  upper  wind  patterns.   The  months  ohosen  were  July 
and  January.   Deta  was  recorded  and  North  and  East  components  of 
winds  oaloulated  for  the  months  of  July  1939,  1940,  and  1941,  and 
January  1941.   Streamline  charts  for  the  months  July  1941  and 
January  1941,  were  drawn.   The  calculations  were  made  from  data 
available  for  eighteen  stations  covering  the  Republic  of  Argentina 
completely. 

The  level  chosen  was  the  ten  heotometer  level  taicen  above 
the  station,  which  is  approximately  the  altitude  used  in  the 
United  States.   With  most  stations  it  was  found  possible  to  take 
the  stations  at  exactly  ten  hectometers.   The  stations  with  alt- 
itudes given,  are  listed  at  the  end  of  this  disjussion.   The 
final  streamlines  presented  were  made  using  the  principles  summ- 
arizea  by  Stone  and  Weir. 

Although  the  results  are  well  summarized  by  the  charts  shown 
in  figure  one  or  two  of  this  section  showing  the  summer  and  winter 
upper  flow  patterns  for  the  year  1941,  the  following  statements 
may  be  made: 

a.  For  the  summer  of  1941,  the  deformation  field  has 
its  divergence  axis  oriented  in  a  northwest  southeast 
alignment. 

b.  In  the  winter  the  orientation  is  more  toward  a  merid- 
ianal  alignment  and  is  in  a  IJNW  to  SSE  direction. 

0.   In  the  summer  picture  the  center  of  action  is  located 
at  latitude  35  degrees  south,  and  longitude  55  degrees 
west,  which  is  close  to  the  area  where  the  Hio  de  La 
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Pata  meets  the  coast. 

In  winter  the  extrapolated  oeater  lies  to  the  north- 
west near  the  ooost  at  approximately  latitude  27  degrees 
south,  and  lon^ituae  72  degrees  west.   The  axis  lies  in 
a  line  over  Oordoba,  Parana,  and  Buenos  Aires. 

d.  Cheoicing  the  position  of  the  divergenoe  axis  and  the 
oeater  of  the  deformation  field  with  the  total  precipit- 
ation for  both  July  and  January,  one  finds  the  following: 
For  summer;  Villa  Ortuzar,  101  mm.  in  January  when  the 
center  of  action  is  directly  over  the  stc^tion.   For  winter; 
Villa  Ortuzar  52mra.  in  July  when  the  oeriter  has  shifted 
northward  but  when  the  divergence  line  reaches  over  the 
station. 

e.  Further  it  may  be  noted  and  more  clearly  from  the 
Isogone  chart,  figures  3  and  4,  that  at  this  level  the 
winds  from  the  tropical  regions  move  further  south.   This 
is  best  seen  by  noting  that  the  "0"  North  Isogone  sep- 
arates positive  and  negative  north  components  and  the 
positive  north  components  further  south,  while  negative 
west  east  which  are  easterly  components  are  found  further 
south,  especially  along  the  coast. 

At  first  glance  it  may  appear  that  the  line  along  which  the 
winds  converge  has  move d  but  little  from  summer  to  winter.  The 
interpretation  given  is  thai,..J)i^  center  of  the  deformation  field 
has  moved  north  west  and  that  the  part  of  the  line  seen  over  the 
land  in  July  is  that  part  which  is  over  the  Atlantic  and  iurther 
south  in  the  simmer.  However,,  even  if  this  explanation  is  admitted 
the  line  has  moved  less  than  12  degrees  latitude. 
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STATION 

LiNSL   IK  HECTOM£Tii:HS 

Capital  Federal 

10 

Merjedee 

18 

Junin 

10 

Oristo  Redentor 

46 

Roserio 

10 

Parana 

10 

Cordoba 

15 

Corrientes 

10 

Azul 

10 

Harding  Ore en 

10  . 

San  Antonio  Oeste 

10 

Bariloohe 

10 

Trelew 

10 

Commodoro  Rlvadavla 

10 

San  Julian 

10 

Rio  Gallegos 

10 
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Temperature  oharts  have  been  drawn  for  dail^^  average  minimum 
and  average  maximum  temperatures  which  might  be  expected  for  the 
four  aeasoas.   Summer  was  defined  e;  3  Deoenber,  January,  and  Febr- 
uary; full  as  March.  April,  and  May;  winder  as  June,  July,  and 
August;  and  spring  as  September,  October,  and  November.   The 
average  temperatures  were  not  computed  exactly  since  a  difference 
of  a  de:^ree  or  two  in  the  value  at  any  particular  station  could 
not  change  the  shape  of  the  curves  by  an  apireciable  amount.   The  ' 
curves  were  not  extended  beyond  Argentina  since  the  aata  available 
covered  only  that  country. 

As  would  be  expected,  the  isolines  parallel  the  high  moun- 
tains on  the  west  side  of  Argentina.   Tempereture  values  along 
the  mountains  ere  representative  only  of  mountain  passes.   On 
the  east  side  of  the  mountains  at  altitudes  of  four  thousand  to 
five  thousand  feet  are  found  the  highest  temperature  changes. 
This  is  especially  true  at  latitudes  of  35  to  40  degrees.   In 
this  region,  the  clearing  influence  of  the  air  flowing  downslope 
from  the  high  passes  combines  with  the  thin  air  due  to  the  high 
altitude  to  give  large  diurnal  ranges,  often  as  great  as  30  degrees 
centigrade. 

Along  the  coast,  the  influence  of  maritime  air  keeps  the 
temperature  more  constant.   This  is  especially  true  at  the  south- 
ern tip  of  the  continent  where  continued  cloudiness  helps  to  keep 
the  temperature  more  constant. 
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TYPB  SBQ.UEI^JES 

A  primary  goal  of  this  thesis  has  been  to  investigate  the 
possibility  of  establishing  weather  type  sequences  for  South 
America,  which  might  be  used  for  classifying  past  data  and  fore- 
casting weather  in  the  future. 

Papers  by  Dr.  Irving  Kriok  and  Robert  Elliott  give  the  est- 
ablishment and  method  of  olassif ioation  of  these  type  sequences 
for  the  North  Amerioen  area.   They  involve  a  shift  in  the  iso- 
bario  pattern  governing  the  weather  of  the  entire  North  Amerioan 
continent.   This  shift  has  different  periodicities  superimposed 
on  eaoh  other. 

In  order  to  measure  suoh  a  shift  in  the  isobario  field,  some 
center  of  pressure  must  oe  available.-  In  the  Northern  hemisphere, 
the  pQOific  anticyclone  may  be  used  as  suoh  a  center.   The  exist- 
ence of  such  a  oell  in  the  South  Paoifio  is  unquestioned  but  it 
is  impossible  to  locate  because  of  lack  of  ship  reports.   There 
is  a  serai-permanent  trough  existing  on  the  coast  side  of  the 
Andes  but  it  is  seldom  a  closed  center  and  is  usually  quite  flat. 
Of  the  migratory  centers,  the  low  pressure  areas  move  into  the 
Chilean  coast  only  occasionally  and  otherwise,  the  centers  move 
to  the  south  of  the  Magellan  Straits.   On  a  great  number  of  maps 
the  low  pressure  areas  were  not  even  drawn  as  closed  centers  and 
so  were  worthless  as  far  as  lietermining  any  shift  is  concerned. 

The  last  possibility  seems  to  be  the  characteristic  high 
pressure  which  builds  up  across  the  Andes  mountains,  breaks  off 
and  moves  north  east  toward  the  tropics. 

The  Andes  mountains  have  their  lowest  points  between  lat- 
itudes 41  and  46  aegrees.   At  these  latitudes  the  passes  are 
about  five  thousand  to  six  thousand  feet  and  the  peaks  at 


i 


-38- 
about  eight  thousand  feet.   To  the  south,  the  peaks  inorease  to 
ten  thousand  feet  and  to  the  north  the  peaks  rise  to  fourteen 
thousand  feet  with  the  passes  at  about  ten  thousand  feet,  the 
peaks  continue  to  rise  in  elevation  farther  to  the  north. 

It  might  be  expeated  that  there  would  be  a  preference  for 
the  high  pressure  to  build  aoross  the  mountains  in  the  latitudes 
41  to  46  degrees  since  the  oold  air  could  get  aoross  the  mount- 
ains more  easily.   A  study  of  three  years  and  nine  months  of 
datft  from  January  1938  through  September  1941  is  shown  on  the 
aocompanying  ohert  and  shdws  a  peak  at  37  degrees,  another  peak 
at  42  degrees,  and  a  smaller  peak  around  50  degrees.   These  were 
considered  as  the  most  important  peaks.   On  the  basis  of  this 
chart,  it  was  decided,  as  a  first  attempt,  to  divide  the  cases 
into  three  ranges:   less  than  41  degrees,  41  to  47  degrees,  and 
greater  than  47  degrees.   In  the  study  of  the  individual  cases 
for  the  four  years  the  path  of  each  migratory  high  was  tabulated 
sinoe  in  the  future,  the  possibility  of  further  reclassification 
aocording  to  path,  as  well  as  the  latituae  where  the  high  built 
up  across  the  mountains,  might  arise. 

If  the  point  of  high  pressure  crossing  the  mountains  indi- 
cates a  shift  in  the  Isobaric  field,  it  should  be  possible  to 
correlate  the  weather  on  the  east  side  of  the  mountains  with  the 
latitude  of  the  high  crossing  the.  mountains.   Unfortunately, 
time  permitted  only  a  partial  correlation  of  temperature  and 
precipitation  at  cc-rtain  Argentine  stations. 

The  method  used  for  temperature  correlation  was  by  noting 
temperature  changes  for  each  individual  high  as  it  becomes  a 
closed  center  on  the  east  side  of  the  mountains  and  moves  off  to 
the  north  or  north  east.   3y  noting  the  wind  shift  at  the  part- 
icular station,  the  time  of  the  cold  front  passage  could  be  seen. 
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Jomparing  the  average  maxicium  and  average  minimum  temperatures 
for  the  two  days  preceding  the  jold  front  passage  with  those  of 
the  two  days  after,  gave  an  indication  of  the  temperature  change 
for  maximum  and  minimum  for  each  particular  high»   This  was  done 
for  only  one  year,  1938,  and  for  three  stations.   The  temperature 
change  caused  by  any  particular  high  pressure  area  is  influenced 
to  a  great  extent  by  the  temperature  of  the  air  previously  at  the 
station  before  the  outbrealc.   Also  differences  in  cloud  cover 
and  rainfall  affect  the  temperature  changes  but  these  last  effects, 
it  is  hoped,  should  depend  PPJD^iWh^t  on  the  latitude  of  the  orig- 
inal outbrecics.   In  the  charts  shown,  the  ranges,  less  than  41 
degrees  and  41  to  47  xiegrees  have  been  compared.  "  The  changes 
seem  to  be  somewhat  greater  for  ^he  41  to  47  degree  range  esp- 
ecially for  the  maximum  temperatures.   The  small  change  in  maxi- 
mum temperatures  in  the  range  less  than  41  degrees  may  possibly 
be  a  result  of  clearer  skies  than  those  resulting  from  outbreaks 
in  the  range  41  to  47  degrees.  There  were  cases,  for  example,  in 
the  less  than  41  degrees  range,  for  which  the  temperature  fell 
more  than  the  average  for  the  41  to  47  de£;ree  range.  Also  some 
oases  of  the  41  to  47  degree  range  actually  had  temperature  rises 
greater  than  many  of  the  less  then  41  degree  cases.   This  may  be 
due  to  the  type  of  air  existing  at  the  station  preceding,  the  out- 
break as  noted  above,  and  It  is  hoped  that  the  average  for  a  year 
co^Tipensates  for  these  differences.   The  temperature  change  charts 
given  here  should  be  taken  to  mean  only  average  changes  and  the 
values  as  approximate  ones  since  the  data  computed  to  this  time 
la  insufficient  to  draw  accurate  charts. 

Precipitation  was  correlated  by  considering  each  storm  period 
for  five  stations  in  Argentina  and  determining  which  type  of  out- 
break was  associated  with  that  storm  or  which  type  of  outbreak 
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followed  immediately  after  the  particular  storm.   The  percentage 
of  oases  of  any  particular  range  with  v;hioh  any  rain  was  assoc- 
iated were  then  computed  and  isolines  drawn  on  the  charts.   The 
precipitation  is  also  affected  by  the  type  of  air  at  the  station  - 
prior  to  the  outbreaic  but  the  effect  should  not  be  as  large  as 
for  temperature  changes. 

So  before,  only  the  two  northern  ranges  were  compared  since 
the  majority  of  oases  fell  into  one  of  those  two  ranges.  At  some 
stations,  the  rainfall  correlated  quite  well  with  the  latitude 
of  the  outbreaks.  At  Puerto  Aqulrre,  the  farthest  north  station 
considered,  for  certain  seasons  of  the  year,  the  rein  was  almost 
entirely  associated  with  the  range  less  than  41  degrees.   Buenos 
Aires  eeemed  to  be  in  the  band  which  received  rain  from  both  types 
so  that  the  difference  was  small  betvireen  the  two  ranges.   However, 
a  further  study  of  amounts  might  lead  to  a  differentiation  between 
the  two  ranges. 
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30NCLU SIGNS 


1.  Due  to  the  I'aot  that  both  trough  Dssssges  and  storm  periods 
8how  a  marked  peak  at  three  aays,  it  wouiq  seem  that  a  set  of 
weather  type  sequenoes  should  exist  in  the  Southern  Hemisphere. 
These  sequences  should  last  for  an  interval  of  some  multiple  of 
three  days.   Also  supporting  these  shifts  in  the  isobario  pattern, 
are  the  streamline  flow  oh::rts  drawn  for  the  two  months  of  Jan- 
uary and  July,  1941, 

2.  The  results  derived  from  the  upper  air  streamline  charts 
indicate  that  further  charts  for  each  month  would  be  of  benefit 
in  studying  the  longer  term  shifts  in  the  isobarlc  pattern.   This 
pattern  seems  definitely  to  have  other  periods  beyond  the  expected 
seasonal  shift. 

3.  It  has  not  been  aefinitely  shown  that  .classification  by  lat- 
itude of  the  oi.tbreaics  crossing  tiie  Andes  is  possible  or  leads 

to  distinct  weather  sequences.   It  is  possible  that,  if  such 
sequenoes  do  exist,  no  distinguishing  feature  can  be  recognized 
from  the  maps  available  at  the  present  time.   However,  the  lat- 
itude method  seems  to  be  the' one  Lossibility  v.'ith  the  available 
maps,  and  should  be  investigated  further  before  being  discarded. 
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